Background and Purpose-Little is known of the acute, subacute, and longer-term energy demands of stroke, information essential to appropriate clinical and nutritional management. The goals of this study were to (1) determine the resting energy expenditure (REE) of stroke patients from stroke onset to 3 months, (2) examine relations between stroke size, type, location, severity, and REE, and (3) evaluate whether estimation of REE from the Harris-Benedict equation (HB) requires the addition of a "stress factor" to capture the possible additional REE imposed by stroke. Methods-The REE of new stroke patients was measured prospectively at hospital admission and on days 7, 11, 14, 21, and 90 by indirect calorimetry. Stroke patients' REEs (Kcal/d) over time and REEs as a percentage of HB were compared with control subjects' single measurements. Results-Mean REE and %HB of stroke patients ranged from 1521Ϯ290 to 1663Ϯ268 Kcal/d and from 107Ϯ14.9 to 114Ϯ12.9 %HB, respectively. Mean measurements of control subjects were 1665Ϯ265 Kcal/d and 112.9Ϯ11.4 %HB (NS). REE was not associated with stroke characteristics (NS). Changes in REE measured longitudinally were not clinically meaningful (4 to 62 Kcal/d) though statistically significant (Pϭ0.004). Conclusions-The REEs of stroke patients and controls were both Ϸ10% higher than those predicted by HB. No hypermetabolic response pattern of energy expenditure was evident after stroke. REE did not vary with stroke characteristics, although confirmation with larger subgroups is required. (Stroke. 2003;34:502-507.)
levated metabolic rates of 130% to Ͼ200% of predicted values have been well described for some disease states, including burns, 1 sepsis, 2 trauma, 2 and head injury 3 and are reflective of increased oxygen consumption associated with injury severity. Hypermetabolism has been defined as an increase in metabolic rate above that which is predicted from equations accounting for age, sex, height, and weight. 4 Metabolic rate typically peaks within several days after injury and gradually declines to noninjury levels in the absence of infections or complication. However, it is unclear whether stroke results in the same metabolic perturbations found after other injuries. This information is important both to the understanding of the metabolic demands of stroke and to the guiding of nutritional interventions in stroke patients, particularly those who are enterally fed. There is evidence that those receiving enteral feedings in acute long-term-care facilities are routinely underfed or overfed. 5 Determining the energy expenditure of stroke patients more precisely will facilitate the provision of appropriate energy (caloric) levels, thus avoiding the dangers of underfeeding or overfeeding and ultimately helping to improve stroke outcome.
There is a paucity of literature describing the energy expenditure patterns of patients after stroke. Only 1 small study, comparing energy expenditure in 11 subjects twice during a 14-day period, found that patients were not hypermetabolic in the acute recovery period after stroke. 6 There are no longer-term data on energy expenditure after stroke.
The Harris-Benedict equations (HBs) are widely used in clinical practice and research to estimate resting energy expenditure (REE), defined as the amount of energy (Kcal/d) needed to sustain all life processes under resting, thermoneutral conditions. 7 REE typically represents 75% to 90% of total daily energy expenditure. The remainder of the total energy expenditure is accounted for by thermogenesis from nutritional intake, shivering/nonshivering thermogenesis, and physical activity. 8 -10 Significant deviations from the estimated REE, as predicted by the HBs, are assumed to result from the effects of a particular injury. The additional energy demands imposed by hypermetabolism associated with various diseases and injuries has led to the adjustment of the equation with appropriate "stress factors." The factors enable more accurate predictions of total energy requirements when the HBs are used. A "stress factor," however, does not exist for stroke, and the assessment of stroke patients' energy requirements usually assumes that there is an elevation of REE as a consequence of stroke.
The goals of the study were to (1) describe the energy expenditure of the stroke patient during the 3-month period after stroke; (2) examine relations between stroke size, type, location, severity, and energy expenditure; and (3) develop a "stroke stress factor" appropriate for use with the HBs.
Materials and Methods
This project received ethical approval from the Institutional Review Board for Health Sciences Research Involving Human Subjects. Informed consent was obtained from all participants or their designates. From August 1996 to August 1999, all patients presenting to the neurological/neurosurgical unit of the London Health Sciences Centre with symptoms of an acute cerebral vascular accident were screened for entrance into the study. Subjects included those who had sustained their first ischemic or nonsurgical hemorrhagic stroke, with onset of symptoms within 5 days of admission and who were normally nourished according to subjective global assessment criteria. 11 Patients were not considered potential candidates if they (1) had sustained a subarachnoid hemorrhage; (2) had major systemic injuries, including active malignancies; (3) were comatose; (4) had minimal neurological deficits or experienced a transient ischemic attack; or (5) were participating in another trial. Major systemic injuries were defined to be sepsis, carcinoma with or without chemotherapy, any medical illness (eg, uremia) requiring dialysis, congestive heart failure with pulmonary edema, or respiratory disorders, such as severe asthma or pneumonia, which were subjectively determined by the investigators to possibly raise REE. Coma was considered to be an unresponsive state in which the patient usually required an intensive care unit admission. Mild neurological deficits were subjectively defined as minimal cognitive and physical deficits for which staff estimated that the length of stay would not exceed 2 weeks on the acute and/or rehabilitation services. There were 688 stroke patients admitted within the study period. Of these, Ϸ50% were ineligible to enter the study based on the exclusion criteria. Of the remaining patients, 91 agreed to participate, 21 refused to participate, and the remainder were not invited to participate because of an anticipated length of stay Ͻ14 days and/or distance from home Ͼ75 km, which would normally not allow for follow-up visits after discharge. The patients studied represented a fairly homogeneous group: those admitted for their first ischemic or hemorrhagic stroke, being normally nourished, with no major medical complications, and with an expected length of stay of at least 14 days. Ten control subjects of similar age range, volunteers from a larger study group investigating asymptomatic carotid artery disease for a 5-year period, were also recruited.
On admission, stroke location (right or left hemisphere, basal ganglia/thalamus, cerebellum or brain stem), stroke size (lesion Ͻ0.5 cm, 0.5 to Ͻ1.5 cm, 1.5 cm to Ͻ 1 ⁄3 of the vascular territory, 1 ⁄3 to 2 ⁄3 of the vascular territory, and Ͼ 2 ⁄3 of the vascular territory), and stroke type (ischemic or hemorrhagic) were confirmed by either MRI or CT imaging. Stroke severity was assessed on day 5 after stroke onset by use of the Canadian Neurological Scale performed by 1 of 3 Neurology Fellows. The Canadian Neurological Scale is a 10-point ordinal scale designed to assess mentation and motor function. 12 The values were collapsed into 3 categories: 0 to 3, 3.5 to 7, and Ͼ7.5, representing severe, moderate, and mild strokes, respectively. Additional information obtained from the patient's hospital chart included age, sex, diet type, and elevations in temperature (Ͼ38.0°C), as well as urinary tract and pulmonary infections.
Energy expenditure was measured via indirect calorimetry, a noninvasive test that uses in vivo gas (O 2 and CO 2 ) exchange to determine the REE. A portable metabolic cart with an open canopy system (Deltatrac, SensorMedics) was used. All measurements were performed on non-ventilator-dependent patients who were not receiving oxygen therapy. Patients received either continuous enteral nutrition or an appropriate oral diet. Measurements were performed at least 2 hours after meal consumption (enteral feedings were not discontinued for metabolic cart measurements) and after the patient had been recumbent for at least 1 hour. Measurements were discarded if they failed to produce a steady state (defined as an average minute VO 2 and CO 2 exchange of Ͻ10% during the testing period, typically 15 minutes). The O 2 and CO 2 sensors were calibrated before each test, and the accuracy of the instrument was assessed biannually. Measurements were taken while the stroke subjects were inpatients on the neurology and/or rehabilitation services and subsequently while outpatients. Control subjects were measured as outpatients.
REE measurements were performed within 5 days of onset of symptoms and on days 7, 11, 14, 21 (Ϯ1 day), and 90 (Ϯ10 days). For reporting, data were also collapsed into acute (admission to 7 days), subacute (11 to 21 days), and follow-up (day 90) periods. Most patients did not remain on the neurology service for the full 3 weeks after uncomplicated stroke; approximately one third were transferred to the rehabilitation service at the same institution.
REE measurements were compared with predicted values of energy expenditure, obtained by using the HB and expressed as a percentage. The HBs use a patient's sex, height, weight, and age to estimate basal energy expenditure expected under normal, nonillness situations. 7 The following are the HBs for the predicted REE of males and females: male: 66.5ϩ [13. The energy expenditure of obese patients is more difficult to predict. For obese patients, defined as Ͼ125% of ideal body weight (IBW), an adjusted body weight was used to calculate the predicted energy expenditure by using the formula adjusted body weight (kg)ϭ[(actual body weightϪIBW)ϫ(0.25)]ϩIBW. 13 The use of unadjusted weight in obese patients may result in an overestimation of REE, because adipose tissue is less metabolically active. Selfreported height was used. Control subjects were studied as outpatients. Information regarding recent infections was obtained. Subjects were weighed, their estimated energy requirements were calculated using the HB equations and a single metabolic cart measurement was taken to determine REE.
To determine whether REE changed during the study period, an unbalanced repeated-measures ANOVA that allowed for missing values was used. 14 This procedure does not require all subjects to have measurements performed at each of the testing intervals. All available data can be used, and subjects with missing data do not have to be excluded from the analysis. Confidence intervals (95%) about the REE and %HB means were calculated to denote the interval likely to contain the true value. ANOVA and t tests were used to examine differences in mean REE in relation to stroke location, type, severity, and size. The need for a "stress factor" was based on a significant deviation (Ͼ10%) of the REE results from those predicted by the HBs and from the controls, as well as a comparison of the control subjects' actual and predicted energy expenditure. An ␣Ͻ0.05 was considered statistically significant. SAS, release 8.0 15 and SPSS, release 10.0 16 were used for all statistical analyses. Results are reported as meanϮSD.
Results
Ninety-one patients entered the study, 63 men (69%) and 28 women (31%), with a mean age of 69Ϯ11.3 years. The mean age of the control subjects was 72Ϯ6 years; 7 subjects were Valid energy expenditure measurements were obtained for 62 stroke patients on admission; for 65 on day 7; for 54 on day 11; for 51 on day 14; for 63 on day 21; and for 47 on day 90. Patients were studied a minimum of once (nϭ11) to a maximum of six testing times (nϭ19). Measurements were available for a minimum of 3 evaluation times for 73.3% of subjects. Failure to produce a steady-state reading occurred in 32 (5.9%) of REE measurements. Mean REE and %HB of the control subjects and the stroke group at each of the testing intervals are presented in Table 1 . Mean REE of the stroke patients ranged from a low of 1521Ϯ290 Kcal/d at day 21 to a high of 1663Ϯ268 Kcal/d at day 90. The mean REE of the control subjects was 1665Ϯ265 Kcal/d. REE, expressed as Kcal · kg Ϫ1 · d Ϫ1 , ranged from 20.6Ϯ3.4 to 21.9Ϯ3.4 for the 6 evaluation times. Mean %HB ranged from a low of 106.6Ϯ13.3% at day 21 to a high of 113.7Ϯ12.9% at day 90. Mean %HB was 112.9Ϯ11.4% for the controls. There were no differences between mean REE or %HB measurements and control values at any of the evaluation times (Table 1) . From the unbalanced repeated-measures ANOVA, differences between mean REE levels at the 6 testing times were evident but small, ranging from 4 to 62 Kcal/d between groups (Pϭ0.004; see the Figure) . No hypermetabolic response pattern of energy expenditure was evident.
There was great variability among individuals at each of the testing times, as indicated by the large standard deviations and wide 95% confidence intervals of both the control and stroke groups (Table 1) . Variability in the stroke group was greater from admission to day 11 than from days 14 to 90. Forty-three patients (47%) displayed energy expenditure values Ͼ115%HB on at least 1 occasion. There were no differences in mean REE at any time in relation to stroke location, stroke size, or stroke severity (Tables 2 through 4 ; NS). In terms of complications, 13 patients developed an elevated temperature, urinary tract infection, or pulmonary infection within the first 21 days of stroke. Six of these patients (46%) experienced an elevation of their metabolic rate in excess of 15% on at least 1 occasion during the same period. The range of REE 
REE in control subjects (------) and stroke patients ( ). Control subjects, mean and SD (---) measured only once.
values for patients with infections and fevers was 90% to 150% of predicted values.
Discussion
The aim of the current study was to determine whether a pattern of metabolic stress was evident. For the hypermetabolic, hypercatabolic response associated with major stress, large variations in REE (30% to Ͼ100% increases) have been observed. [1] [2] [3] This study had the statistical power to exclude a similarly substantial and consequential effect. 17 The results of this study indicate that patients do not demonstrate evidence of a hypermetabolic response to stroke. The smallest clinically important difference, in terms of offering appropriate nutritional intake, is estimated to be a 10% to 15% change in REE. At this level, the number of patients and controls would not be sufficiently large to avoid a type II error. However because the maximum REE difference observed between patients and controls was 8.6% (Table 1 ), a value below the level of clinical meaningfulness, an insufficiency of power at this level is not problematic. When longitudinal change in REE was investigated with the unbalanced repeated-measures ANOVA with all subjects, differences in REE between testing times were small. Similarly, these differences were not deemed to be clinically significant, particularly in view of the large individual variation in measurements of the controls and stroke patients (the Figure) .
Weekes and Elia 6 demonstrated that mean REE was 1252Ϯ192 Kcal/d (nϭ11) 1 to 3 days after stroke and 1219Ϯ242 Kcal/d (nϭ11) 10 to 14 days after stroke (NS). Although these REE measurements are lower than those of the present study, the variation may largely be explained by (1) differences in weight between the stroke subjects in the 2 studies (58.2Ϯ12.1 vs 77.7Ϯ16.2 kg, respectively), likely attributable to differences in the male/female ratio (53:47 vs 70:30, respectively) and (2) their measurement after an overnight fast vs 2-hour NPO or continuous enteral feedings in this study. However, after controlling for weight, height, age, and sex in the HBs, the initial %HB between the 2 studies was very similar (107.0Ϯ6.9% vs 109.8Ϯ15.4 in this study), thereby corroborating previous results.
In some disease states, there is evidence to support a positive correlation between severity of injury and elevations of metabolic rate. 18, 19 Increases in both metabolic rate and catabolism after injury have largely been attributed to the effects of the acute-phase response, mediated through the effects of cytokines and counterregulatory hormones. 3, 20 Because elevations of peripheral plasma catecholamines, corti- Ͻ0.5 cm 1585Ϯ671 (8) 1496Ϯ348 (8) 1542Ϯ224 (6) 0.5 to Ͻ1.5 cm 1575Ϯ219 (14) 1597Ϯ271 (11) 1727Ϯ388 (8) 1.5 to Ͻ 1 ⁄3 1658Ϯ323 (18) 1582Ϯ358 (20) 1646Ϯ220 (13) 1 ⁄3 to Ͻ 2 ⁄3 1582Ϯ196 (14) 1497Ϯ200 (13) 1500Ϯ306 (7) Ͼ 2 ⁄3 1541Ϯ318 (7) 1582Ϯ306 (8) sol, glucagon, interleukin-6, interleukin-1RA, and acutephase proteins have been well described after stroke, a systemic inflammatory response resulting in elevations of metabolic rate would be expected. [21] [22] [23] [24] [25] [26] [27] Although an elevation in metabolic rate associated with stroke size, severity, or type did not occur in this study, this finding should be verified in larger within-subgroup samples, because there were not enough observations in certain groups to provide sufficient power to find intergroup differences of 10% to 15%. For these analyses (Tables 2 through 4) , our results should be considered exploratory. The REE of stroke patients during the study period was Ϸ10% higher than the values predicted by the HBs. The lack of a clinically significant change in REE over time and the absence of differences between study subjects and controls suggest that this 10% in measured REE above the HBpredicted REE reflects population or behavioral differences rather than a "stress factor" specific to stroke. The REE of the outpatient controls was 13% higher than the values predicted by the HBs. Potentially, this may be reflective of their greater muscle mass and more strenuous physical exertion before their hour-long recumbent position before testing. Alternatively, controls with some degree of peripheral and/or cerebrovascular disease may have had somewhat higher REEs than healthy controls.
There is evidence to suggest that there is substantial individual variation in REE in both health and disease states. Roza and Shizgal 28 examined the original Harris and Benedict data in addition to a larger data set published by Benedict, which incorporated normal subjects with a wider age range. The HBs estimated the REE of a normally nourished subject with a precision of 14%. Other studies examining the REE of normal volunteers also describe variations of 12.5% to 23.2% over 2 days and 2 years, respectively. 29, 30 In this study, there were large individual variations in REE at each of the testing times. Individual patients also exhibited a variation in REE from 1 testing time to the next. Almost half of all patients displayed energy expenditure values Ͼ15% above those predicted by the HBs on at least 1 occasion. No specific pattern suggesting a direct association between infection, elevated temperature, and energy expenditure was observed, but it is difficult to draw conclusions because so few were affected.
The HBs explain 53% to 75% of the variability in REE. Approximately 75% of this explained variation is accounted for by body weight. 31 Whereas it has been postulated that lean body mass is the entity most predictive of basal energy expenditure, there is a covariance between total body weight, lean body mass, and basal energy expenditure. 32 Potentially, some of the "risk factors" for stroke, such as diabetes, coronary artery disease, and hypertension, 33 or certain sedatives or other drugs may also contribute to variation in REE. These issues should be investigated in future studies. It is possible that after accounting for potentially influential factors such as these, longitudinal differences in REE may become evident.
Some limitations are apparent. Historically, examinations of energy expenditure are confined to more controlled environments to help reduce potential sources of variability in measurement. Critically ill, sedated patients and ventilatordependent or healthy individuals who are studied in a metabolic chamber, where continuous readings for a 24-hour period can be obtained, are most often studied. In this clinical setting, patients receiving enteral nutrition would be expected to have somewhat higher metabolic rates owing to dietinduced thermogenesis relative to those patients who were fasted. The metabolic cost of digestion and absorption of nutrients has been reported to be Ϸ10%. 34 This may have contributed to some of the individual variation in REE in the stroke and control groups. Missed or failed measurements of REE were related to patients' early discharge from hospital, failure to produce a steady-state reading, or the need for oxygen therapy in a small number of patients in the acute period after stroke. Although most local patients who were discharged from hospital before day 21 returned to complete their testing, this was not always possible, and consequently, not all patients were tested at all 6 intervals. To statistically compensate for this, an ANOVA that allowed for missing values was used for the longitudinal analysis.
A strength of this study is that it prospectively followed stroke patients to determine their energy requirements and expenditures after acute stroke, during the subacute rehabilitation phase, and at the 3-month poststroke stage. To the best of our knowledge, REE determination has never before been performed beyond 2 weeks after stroke, with as frequent serial measurements during the acute period (when the metabolic stress response is most evident) and with as large a cohort.
Conclusions
This analysis of energy expenditure suggests that stroke patients are not hypermetabolic within the 90 days after their stroke event. It is possible that future studies, accounting for other influential factors, may detect differences in REE over time. Subgroup analysis of stroke patients did not detect differences in mean energy expenditure in relation to stroke characteristics, but these observations should be confirmed with larger groups. The HBs may underpredict REE by an average of 10%, but individual REE variation is high. If an accurate assessment of caloric requirements is required for an individual patient, indirect calorimetry is indicated.
